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Purpose of connections

« Essential parts of the structural system
 Components
 Structural connections

* Ensure the intended structural behaviour
* Global force patterns through connections




General demands

Enable in-plane action of hollow core floors
» Connections between hollow core elements

Ensure integrity of the stabilising system
« Connection between floors and bracing units

Enable transverse distribution of load effects
 Non-uniform and concentrated load

Enable structural integrity and redundancy
* Prevention of progressive collapse



Specific demands

* Restrained composite supports
 Enable moment capacity above supports
* Non-rigid supports
» Appropriate detailing to prevent damage

« Cantilevering slabs
« Enable moment capacity in transversal direction

* Unintended restraint at supports
» Appropriate detailing to prevent damage



Specific conditions for
hollow core slabs

 Tie bars directly embedded in the hollow core units,
projecting through the faces, are normally not possible

 Indirect anchorage in cores and joints is needed

« Hollow core units are normally designed to be simply
supported

* Unintended restraint at supports need to be considered

e The resistance of hollow core units partly rely on the
tensile strength of concrete

 Prevent unintended tensile stresses that might add to the
Intended



Definition of connection

 Joints
_ | _ Connection
» The whole connectio [ Joint  zone
Joint concrete Tie bars
Connection zone —,
““7
Support joint | | “Bearing
Including the connections zones ---4 Connection zone

of the adjoining members



Response of connections

Transferred force
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Ductility and deformability
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Concentrated compression
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Compression through several layers

-}

Mortar )k Mortar A

-

—

Elastomer V7 Esiomer_]

o

RN

IR EARE

-~ N~ N T e T

—_ —m w2 L L

e ion Transverse compression

P S . . .

Yrrrrtrveey”

_ = = — —- —

L L L SN N

jiREERERERER

Transverse tension
In concrete

In mortar — favourable

Substantial transverse
tension in concrete —
splitting effect

ession LArQge transverse

deformation



Compression In complex connections

Several layers horizontally

Several components vertically

Vertical force path

Unintended restraint of simply supported slab



Tension across joints

» Tie bars are needed

» Tensile resistance of tie bars
* Anchorage

« Deformation capacity (crack opening)
e Ductility

| | Crack opening when yielding starts
l:é:J W, = 2S;qy

w Crack opening at tie bar rupture
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N - N —9
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s=end slip




Ductility of tie connections
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Influence of bar diameter
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Influence of concrete strength
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Influence of ductility class
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Conclusions

» Plastic deformation of the tie connection increases with
 increased yield strength
* increased strength ratio f/f,
e increased ultimate strain
e increased bar diameter
» decreased concrete strength

* Ductility
» For ribbed bars of ordinary steel the ductility of the connection
(relative strain energy capacity) is about the same, since the

force displacement relations have approximately the same
proportions




Indirect anchorage of tie bars

\“/ Anchorage | Anchorage

Sy in cores | insleeves

Anchorage

In joints | ‘:|




Shear resistance In cracked joint
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Shear resistance by friction
IS possible in cracked joints y Transverse steel is

Important to ensure
shear resistance



Shear resistance by friction
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Self-generated friction

Longitudinal shear slip results Resistance to bar pull-out
In transverse joint separation, gives compression in joint
results in bar pull-out and makes friction possible.

‘: ‘:s Shear slip

—Z%  Dilation
W (crack width)

l Ss ¢ Ss Ensure yielding of steel

[ Raj = Kl gg + H{SN +)£ 0,7,



Influence of roughness and bond
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Deformed bars, strain localisation

— high steel stress
Bars yield for small shear slip,
friction dominates

External steel bars or plain
embedded steel bars
— small steel stress



Different shear responses

External bars Embedded bonded bars
Ir [MP4| tn [MPd]
10 - 16-
/,/%’, :
//
I/
1 3 s[mm] 05 2.0 s[mm

(Walraven, 1997"



Shear resistance by shear keys
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Crackinjoint  For equilibrium transverse
tension (tie bars) is needed



Concentrated or distributed
transverse ties
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Concentrated ties Distributed ties



Distributed ties In corner connections
| |

Wedging of joint when it is subjected
to shear.

At corner connections distributed ties
are needed to prevent wedging.

In connections between elements in
the same plane concentrated ties are
acceptable, since the elements are
stiff in their plane.




Support - definitions

e Support length
 Nominal support length a

(specified value, normally |
70 — 150 mm, not less R
than 60 mm)
 Actual support length hesmeses I TS o
(depends on deviations) aa+AaaiH_ . :la,+Aa,

* Net bearing length a,

» Tolerances (allowance for a=a +a, +a, +\/Dazz +Dag

deviations /
Deviation in distance between supporting members /

Deviation in length of hollow core element



Support detailing

« Avoid uneven support
» Risk of high contact stress

* Provide bearing |
* Rigid neoprene strips N

* Fibre cement plates
« Wet mortar bearing

o Consider imposed deformation




Net bearing length a,

Net bearing length depends on bearing _3
stress and strength of materials '
(normally 25 — 40 mm)

__\
a, prevents damage to the supporting
member (recommended: minimum of
25 mm on ConCrete, 10 MM onN = ol a o g
structural steel) atda, | ) e +ia;

a; 5 mm can be assumed



Bearing stress

E
Dry bearings fo,=—F-£04f_

Other cases fEd —

d
Fea £ 0,85f _ or f
cd bed
Y
Feq = Design value of reaction force

b, = Effective breadth of bearing,
actual breadth not more than 600 mm

f.q= Lesser design strength of bearing or hollow core unit

foeq= Design strength of bedding material



Tie bars at support connections

Transverse continuous tie

Longitudinal tie bars bars along the support

to end support

Longitudinal tie bars
across interior support

Transverse continuous tie
bars in tie beam

Shear-key effect along transverse joints
where joint concrete partly fills the cores



Demands

Structural integrity
In-plane action of floor (stabilising system)

Transverse distribution of load effects (concentrated load)
Ensure shear friction resistance

Balance splitting effects
Balance imposed deformations




Transverse tie bars/tie beams
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Anchorage In cores
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Tests of tie bars anchored In cores

(Lundgren, 1995"



Alternative connections
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Moment

M;, kNm
25 1, ~cracking of

i 1 connection — —  testnumber 1
. 0 —— test number 3
rotation -
. 10 1 fracture of
/l bolt
relations ) S——
-4 -2 /- .
\ 2 4 6
fracture of ) - fr-5 B, degrees
bolt ~'1 10
M, kNm, _ cracking of M, kNm
10 connection « fractur‘e of
fracture of 8 one rein-
LR D -/ reinforcement forcement
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fracture of - L
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bar I 19 -—-- test number 5
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Upper limit for anchorage in cores

Splitting of hollow core element

159 kN anchored in each of two cores

(Engstrom, 1992"



Recommendations

« Ensure complete encasing of tie bar
 Clean core
* Tie bar not in direct contact to the bottom of the core

» Tie bar normally below mid-depth
 Anchorage length according to standard
» Lap splice to main steel is recommended
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Tests of tie bars anchored In
grouted joints

E

—— 4 — —
LJ

Hollow core panel

Transverse
cast-in-situ

/ tie beam

Lo nt%ifg:d‘iqﬁk
routred join .
e Anchorage in

cracked joints

12 or 16 mm tie bar
f,« =400 MPa

Tensile
force

Longitudinal tie bar

in the grouted joint (Engstrom, 1992"



Tensile capacity remains

(Engstrom, 1992"



Severe conditions In final stage

Anchorage in cracked joint Anchorage in uncracked joint
Transverse tie beam No transverse tie beam

12 mm tie bar with 600 mm anchorage
could be anchored to rupture » 70 kN

(Engstrém, 1992"



Avoid anchorage failure

Failures due to too
small concrete cover



Transverse reinforcement i1s needed



Recommendations

 Ensure complete encasing of tie bar and anchorage
e Clean joint
* Tie bar in shear-key or below
e Minimum joint width
 Fluid joint grout

 Provide transverse tie beams



Recommended anchorage



Recommended detailing



Tests on robustness

Imposed sliding off support

Sudden removal
of support

(Engstrém, 1992"



Balanced design for ductility

weld with
overcapacity ~_

anchorage with _ _
overcapacity tie bar, the ductile

weld with | component
overcapacity



Anchorage for ductility

Avoid anchorage failures

Provide anchorage for rupture of the steel



Avoid strain localisation

f,- 1, F
It,pl = p . XZ (length of yield penetration)

bmpl

_ f A f,°A _ 650636- 500785

Lo = =441 mm
’ tomp OF 151%p 40
Sendu = lipi ?Esmpt = 101 °002€,, =441>05°010=220mm

(Engstrém, 1992" (end slip at rupture of tie bar)



With uniformly reduced diameter

f,- 1, f

| - u y)( red

_ 650- 500 9
tpl - X—
l‘bm,pl 4 151

=224mm
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S = |

end,u = It,pl >Esm,p| t,pl >O’5>Esu =224 O,5> O,].O - 11,2 mm

(Engstrém, 1992"



Unintended restraint

e Clamping

* Bond to joint
« Before cracking
e Bond strength » tensile strength

 Friction
 After cracking

e Tie bar
 After cracking

Model

Real situation



Crack due to unintended restraint

Preferred location

Unfavourable location — low shear capacity



Prevent reduction of shear capacity

e Avoid crack inducements in critical zone
* Note, limited fill of cores

e Limit the vertical load

» Lead possible crack to preferred location
« Slanted ends

« Strengthen the hollow core elements in critical zone

Avoid Limited wall load Higher wall load



Strengthening of critical zone

Tie bars placed in upper part of cores or joints
Tie bars anchored to resist their yield load in crack section



Connections at support —
design situation

Longitudinal ties pull
suction back to arch

Longitudinal ties ensures shear ~a
friction in transverse joints ™~

AN

Main tie in tied arch

Transverse ties ensures shear
friction in longitudinal joints



Connections at beam supports



Width of beam to width of column



Need for cut out and extra support



Connections at beam supports



Connections at wall supports

o # 3 %



Connections at wall supports

 Limited wall loads



Alternative connections

o free rotation rotation prevented
/ possible by clamping
— M T TOTTTT — | / ITTT T T T \

<Zt=2 c=T> splitting
~ <>
<F=s3 e==> splitting




Connections at wall brackets



Connection at longitudinal joint

* Resist vertical shear
e shear key

 Resist horizontal shear
e Shear friction

* Prevent relative displacement

compression strut

*j @SJ/@ G ﬁ v

Transverse ties are needed in both cases




Test specimen after failure

(Svensson, 1988"



Contact areas at joint face

No uniform bond stress distribution

(Svensson, 1988"



Shear resistance

» Vertical shear resistance
* Shear-key effect

 Resistance limited by
grouted joint or hollow core
unit

 Horizontal shear resistance ])J\‘

e Shear friction

e Transverse tie

e Concentrated ties are
sufficient since the slab
elements are arranged in the
same plane

(Walraven, 1990"



Recommended joint geometry

» At least one longitudinal shear key



Connections at lateral joints

* Resist reaction between floor (in-plane action) and
stabilising units

 Tie floor and stabilising units together (robustness)




Shear resistance

| 2000

Sri A

A !

Shear key effect Shear friction effect,
self-generated friction

In both cases transverse steel is needed



Recommended detailing

It is not the steel detail that is
loaded in shear, but the steel
detail make friction possible

Distributed ties are needed
since the elements meetin a
corner

Roughness of joint faces and
good bond of the tie steel are
Important. The steel should
yield for a small joint slip



Connections at lateral joint



